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The efficiency and convenience offered by precooking products makes precooked pork 42 appealing in today's fast-paced lifestyle (Nolan, Bowers, & Kropf, 1989) . While the 43 convenience appeals to consumers, precooking before packaging and storing can accelerate 44 oxidation, deteriorating product quality (Dai, Lu, Wu, Lu, Han, Liu, et al., 2014; Kingston, 45 Monahan, Buckley, & Lynch, 1998; Salminen, Estevez, Kivikari, & Heinonen, 2006; Sasse, 46 Colindres, & Brewer, 2009). Cooking destroys the integrity of cell membranes releasing 47 phospholipids, and inactivates several protective antioxidants e.g. catalase (Rhee, Anderson, & 48 Sams, 1996) . In addition, hemoproteins such as myoglobin are denatured allowing the release of 49 the prooxidant iron, which can result in the warmed-over flavor (WOF). The WOF becomes 50 predominant with precooking and is characterized by undesirable organoleptic qualities (Rojas & 51 Brewer, 2007) . These adverse qualities are due to the secondary products of lipid oxidation 52 (LOX) such as hexanal, octanal, and nonanal. Destruction of cell membranes, decreased catalase 53 activity, and the increase in nonheme iron can elevate the rate of LOX in cooked pork, therefore, 54 it is important to apply strategies to prolong the shelf-life of cooked pork products Lopez, Sevilla, Sayas-Barbera, Navarro, Marin, & Perez-Alvarez, 2003; Rhee, Anderson, & 56 Sams, 1996) . 57
Multiple preservation methods are applied to maintain meat quality, including storage 58 temperature and antioxidants. Frozen storage is an effective method since low temperatures slow 59 down oxidative reactions. However, freezing does not completely inhibit physical and chemical 60 reactions causing discoloration and oxidative rancidity over time. Antioxidants (AOXs) can be 61 added to combat LOX and protein oxidation (POX). Rosemary has become the industry natural 62 AOX based on overall effectiveness in pork and other meat matrices (Georgantelis, Ambrosiadis, 63 readily donate their hydrogens acting as free radical scavengers. Recently, roasted coffee was 66 shown to inhibit LOX as effectively as rosemary oleoresin in refrigerated beef with added salt, a 67 known prooxidant of LOX (Lin, Toto, & Were, 2015) . The bioactivity of roasted coffee is 68 attributed to a combination of hydroxycinnamic chlorogenic acids (CGAs), and Maillard reaction 69 products (MRPs), which scavenge free radicals and chelate metal catalysts of LOX 
Preparation of coffee and pork treatments 96
Green Colombia Primeval coffee beans obtained from Rose Park Roasters (Long Beach, 97 CA, USA) were roasted to produce a light (10 min 32 s to 210°C) and dark (12 min 8 s to 235°C) 98 roast. Whole coffee beans were ground (Cuisinart "Grind Central" Coffee Grinder, East Windsor, 99 NJ, USA) and passed through a 1.0 mm sieve (18-mesh size) resulting in WGC. Lyophilized 100 brewed coffee was prepared following the methods indicated by Budryn & Nebesny (2013) with 101 modifications. Coffee brew was prepared by heating water to 90°C, then adding ground coffee 102 to water at a 1 to 6 ratio. The solution was held at 90°C for five min with constant stirring, 103 filtered with a paper coffee filter to yield liquid brew, which was then lyophilized (Dura-Dry mP 104 manifold lyophilizer, FTS Systems, model #FD2085C0000, Stone Ridge, NY, USA) to yield 105 LBC. The remaining solid grounds from coffee brew extraction was lyophilized and used as 106 SCG. Coffee was stored at < 0°C before use. Before incorporation into minced pork, all coffee 107 forms were passed through a 1.0 mm sieve (18-mesh size). 
3.
Results and Discussion 189
Antioxidants in coffee 190
The LBC form for all roast degrees had the highest CGA amongst all application forms, 191 while SCG had the least (Table 1) The MRPs in lyophilized brew increased by 23% from light to medium roast coffee, 200 whereas dark roasted coffee showed similar values of MRPs to the medium roast (Table 1) to the other application forms, there was an increase in metal chelation with increasing roast 208 degree for SCG, while WGC maintained similar values with increasing roast degree. 209
Extent of lipid oxidation measured by thiobarbituric acid reactive substances 210
The TBARS values reached the highest levels in month 2, increasing from 0.031-0.31 mg 211 MDA/kg pork in month 0 to 0.070-1.15 mg MDA/kg pork in month 2 (Fig 1) . In month 3 212 amongst treatments, TBARS levels remained the same (light and dark LBC, light and dark 213 WGC, and negative control) or decreased (light and dark SCG, rosemary oleoresin) from month 214 2. Despite the decrease observed from month 2 to 3 for some treatments, there was an overall 215 increase from initial to end of storage with increases ranging from 43-270%. This trend was 216 concentration in the previous study (0.05 g/kg) compared with the present study (1 g/kg), and use 244 of a different rosemary extract. The present study shows that all coffee combinations were as 245 effective as rosemary oleoresin at inhibiting MDA production. 246 There was no significant difference for both octanal and nonanal from month 2 to 3, 257 which was consistent with a study done on beef by Lin, Toto, & Were (2015). Despite the 258 differences in study parameters (muscle types investigated and storage temperatures), octanal 259 and nonanal displayed similar trends in both studies. Nonanal and octanal forms from oxidation 260 of n-9 fatty acids, such as oleic acid. Although oleic acid (34.3 g/100 g) is present in higher 261 quantities in pork than linoleic acid (14.3 g/100 g), monounsaturated fatty acids are more stable 262 against oxidation than polyunsaturated fatty acids (Meynier, Genot, & Gandemer, 1998) . 263
Extent of lipid oxidation measured by gas chromatography
Amongst the coffee in pork treatments, there was no significant difference observed with the 264 exception of month 3 for octanal. In month 3, the negative control displayed the highest octanal Based on results from section 3.1, differing CGA levels had no effect on MDA formation 273 since all added coffee in pork treatments produced similar results to rosemary oleoresin. 274
However, CGA and MRP levels correlated with greater AOX effect against volatile aldehydes in 275 frozen cooked pork. The ranking for application form effectiveness against hexanal, octanal, and 276 nonanal was as follows: LBC > WGC > SCG, corresponding with CGA and MRP concentrations 277 found in Table 1 . 278 Tables   1   Table 1 : Maillard reaction products, metal chelation and chlorogenic acid concentration for spent 2 ground, whole ground, and lyophilized brew form coffee solutions. . 1 . Thiobarbituric acid reactive substances/TBARS (mg MDA/kg pork) ± standard deviation 2 with negative control (no antioxidants added), coffee in pork treatments (1 g/kg light and dark 3 roasts of spent, whole, lyophilized brewed) and rosemary oleoresin (2 g/kg) in cooked pork 4 patties analyzed monthly over 3 months of frozen storage. Means followed by the same letter 5 between samples for each month are not significantly different (Duncan's multiple range test p ≤ 6 0.05). 7 • Pork with coffee exhibited comparable TBARS values to pork with rosemary oleoresin.
Protein oxidation measured by thiol content
• Aldehydes were lowest with added lyophilized brew compared to whole or spent coffee.
• Thiol content remained stable for all treatments under frozen conditions.
• Coffee inhibited lipid oxidation without adverse effects on protein oxidation.
